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(54) PERMANENT MAGNET 

(57)Abstract: 

PURPOSE: To obtain a remarkable improvement on an iHc while maintaining a 
high (BH) max in FeBr and FeBRM by a method wherein one or more kinds of Dy, 
Tb, Gd, Ho, Er, Tm and Yb are contained as R1, wherein heavy rare earth 
constitutes as a main ingredient as a part of R, in FeBR and FeBRM magnet 
consisting mainly of light rare-earth such as Nd and Pr as R. 
CONSTITUTION: When the sum of rare-earth element R1 and light rare-earth 
element R2 is worked out as R in FeBR, a magnetic anisotropic sintered 
permanent magnet consisting in atomic percentage of 0„05W5% R1 T 12.5W20% R, 
4W20% B, and the remainder Fe. However, one or more kinds of Dy, Tb, Gd, Go, Er, 
Tm and Yb are to be included in R1 , the total of Nd and Pr is to be 80% or more in 
R2, and the remainder is to be consisted of one or more kinds of rare-earth 
element containing Y other than R1. Also, when the sum of R1 and R2 is worked 
out as R in FeBRM, a magnetic anisotropic sintered magnet, consisting in atomic 
percentage of 0.05W5% in R1, 12.5W20% in R, 4W20% in B, one or more kinds of 
added elements M below the prescribed percentage (however, when two or more 
kinds of added element are contained, M total quantity is less than the atomic 
percentage of the added element having maximum value) and the remainder of Fe, 
is used. However, R1 and R2 are the same as above. 
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to f R , BflDSEIEai, CKd+Pr) <D m. & & & 
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UkOe J£l ± *>< it * n - R F*3 K ft 4 R i © Bf S 

<o*#c Jt & » L < « an 

EP ( * 5fe Fy? 1= J: tl I* (BH)nax .2 0MCOo£l ± * ft 
WUft**. IffelGkOo ± TP 3% * 4 -h to 3c 



(DH)nax , l He© ft * fl* tt & * 43 . 2MC0e < tfe 
$ 2 , Wx22) . 20k0e £& i C 3fc 2 . Ndl B , S3, 
No, 14. 22, 23) £ ^ L * ( C £ r , iHcZD XQe 

a ± £ i* . mw&^&^ 

# » W «> # :X K E Jff ^ « R » . R i iRa » 
fH A & fit * rt< r R & L X Y ^ & $ L , Kd, Pp. 
La. Ce. Tb, Dy, Ho r Br, Eu» So, Gd, Pa, Ti, 
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J£i±a*-r4't>©*MIl>«<p C <S L Sati ft ^ £ 
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£:ft£Rli;^f&±05c&T , ft<£fe£<, X m 
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± Sfi ?t 3?i Ca, Ms, Fe, Tl, C f 0^> * ^ =fr + 

S fe CD *C £ 3t * ft . 
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B t L X I* , ft # p V X it 7 * o & 
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S^TtolBHiS^tt*. B iSt tt . 4 %£iT 
<c ft >5 illc^ 10 kOG£i T ft * □ S tz B jft ijf 
imt>Rft«>ttiik]&Ni£< I«c* l« So * S . Br 
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No. 




i He 
(k0e> 


Br 

(kC> 


<BH)nai 
OJGOe) 


* 1 


Fe- 8 


7.3 


12*1 


32.1 


* 2 


Fe- S B — 14JH- 2 Y 




11*9 


31.3 


* 3 


Fa- 8 B-1D.5JW- 4<5Ce 


5.7 


10.7 


22.4 


* 4 


Fe-8 B-10.5JM- 4.5Pr 


3,9 


11-4 


2B.S 


* 5 


Fa- 8 B-WNd- 1S« 


5.4 


12.3 


27*0 


6 


Fe-S B-lO.&Hci- 4.5Yb 


10.4 


11*7 


27.4* 


7 


Fe- S B-iO.&Nd- 4.5Er 


9,8 


10*6 


25*8 


8 


Fe-8 B-10.5Nd- 4.5Gd 


H.4 


10*3 


25.0 : 


3 


Pe-8 B-10.5JW- 4.51b 


14.3 


ma 


23. 9 



m 2 - d> 



Nd 


m 


i lie 
(kOe) 


Br 

<kC) 


(BH)*ax 
OKOe) 


* I 


Pa- 8 B-15Nd 


11.4 


12.3 


34.0 


2 


Fe— 8 B -14*3Nd— 0*iDy 


ii. a 


12.4 


35.0 


3 


Fe-B B-14,8Nd- 0.2Dy 


12*0 


I2,a 


38*2 


4 


Fe- 8 B-14.BNd- 0.4Dy 


12.8 


12,7 


38. 0 


5 


Fe- 8 B-14.2Nd- Q. ftDy 


16.1 


12.0 


34.2 




Pe-8 B-13.8Nd- 1.2Dy 


18.0 


11.5 


31.3 


7 


Fe- 8 B-13.5Nd- i.5Dy 


18,8 


11.7 


31.5 


8 


Fo- 8 B-12Nd-3Dy 


> 20 


11,4 


30.3 


9 


Fe-8 B-IS.5Hd— l*5Ho 


13.8 


a ,95 


33*8 


10 


Fe-8B-l3.5Nd- l.SCd 


13.8 


11.76 


32*1 


n 


Fe- 8 B-13.5Nd- l.STb 


18.3 


11.3 


33.2 


12 


Fe- 8 B-13.5Nd- l.5Er 


12*8 


U.B 


31.0 


13 


Fe-8 B-lS.5Nd- 1.5Yb 


13.1 


12.3 


35. 0 


14 


Fe- 6 B^ B Nd- 7 Pr— 1.5Dy 


IS. 3 


11.2 


25.2 


IS 


Fe-lflB-13Pr- L5Dy 


17.6 


10.9 


28.1 


IB 


Fe-lOB-lONd- 3Ce- 2Dy 


11.8 


10*2 


24.3 


17 


Fe-iflB-lltfd- 2 La- IDy- ICd 


12.2 


10.7 


25.5 


* IS 


Fe- 3*5B-I5Nd- 3Dy 


5.6 


9.2 


18.5 


* 19 


Fe-lOB- 3.5Nd~2Dy 


< 5 


< 5 


< 5 


* 20 


Fe-iOB-30Wd- l.SDy 


13.0 


* 5 


< 5 


* 21 


Fe-30B-15Nd-2Dy 


12*2 


< 5 


< 5 ; 



& 2 - <2) 



No. 




1 He 
(kOe) 


Br 
(fcC) 


<BH)nax 
<HGOe> 


22 


Fe- 7 B- 14.25 Hd-0.25By 


11*4 


13.4 


43.2 


23 


Fa- 7 B-14tfd- O.SDy 


13.2 


13.1 


41,4 


24 


Fo— 7 B — 13.75Nd-0.2SDy 


12.4 


13.2 


41.8 


25 


Fe- 7 B-18.SW- O.SDy 


12*0 


13*3 


42.0 


26 


Pe- 7 B — 0.5C6-13.5W- O.SDy 


11-8 


13.1 


41.1 


27 


Fe— 7 B - 1 Pr-13, 5Nd— 0*25Dy 


11.8 


13*2 


40.8 



& 3 - CI) 





ifl fit 


] He 
(kOe) 


Br 
CkG) 


(BH)nax 
(HCOe) 


1 


Fe- 8 B-13.5Nd- t.5Dy 


13.6 


U.7 


31,6 


2 


Pe-8 B-13.5W- i.5Dy-lTI 


17.2 


a. s 


32,1 


3 


Fe- a B-l3 T 5Na- l.SDy-lZr 


13.9 


U.B 


31.8 


4 


Fe-8 B-13.5Nd- 1.5Dy-lHf 


13.0 


11,9. 


30.0 


5 


Fe-8 B-L3.5fld- I.5Dy~ ICr ; 


17.8 


U-2 


29.5 


6 


Fe-8 B-13.5W- 1.5Dy-lMn 


17, 


11.1 


28.6 


T 


Pa- 8 B-13.5Nd- L5Dy-lM . 


12.4 


11.3 


20.0 


8 


Fe-8B-13.5Nd- L5Dy-lTa 


18.6 


11.6 


31.4 


9 


Fe-8 B-13.5Nd- l.SDy- lGe 


15,6 


11.3 


29,7 S 


10 


Fe- 8 B-13.5Nd- l-5Dy— 1 Sn 


12.5 


10.7 


26. 7 


u 


Fe- 3 B-13.5Nd- 1.5Dy- lSb 


17.3 


9.6 


21.5 


12 


Fe- B B-13.5Nd- 1.5Dy-lBi 


12.8 


LI. 6 


31.2 


13 


Pe-B B-13.5Nd~- l.SDy- l>k> 


17.8 


11.5 


30.7 


14 


Fe- 8 B-13.5Nd- l.SDy- 1Kb 


> 20 


11-8 


32.3 


IS 


Fe- 8 B-13.5Nd~ l.SDy- I A* 


19-4 


11. 6 


31.4 


16 


Fe- 8 B-13.5JU- L5Dy- 1 V 


LS.7 


11.5 


31.0 


17 


Fe-8B-13.5Nd- l.SDy- 1W 


19.0 


11.4 


30.6 


' 18 


Fe-8 B~12,5Nd- L.SDy- INb 


17.4 


IX. 9 


33.0 


19 


Pe-7 B-13.6Nd- 0.4Dy-lNb 


12.3 


12.3 


38.4 


20 


Fe- 7 B-12.5Nd- KSDy- 1 Nb 


LB. 3 


12.3 


35,4 



m a 





ffl (22*C> 




iile 

(XOfl) 


(HCOe) 


tile 
<kOe) 


(HGOe) 


RCto (2-1732) 1&& 


6.2 


29.3 


5.2 


26.4 


Pe-8 B-I5Nd 


11.4 


34.0 


, 5.6 


26.3 


pe- 8 B-13.5tid- K5Dy 


18.6 


31.5 


9.8 


27.0 



EL ± . # IS 9] t* Co£ L tt H Fe^ - * <B 3c 

* o 3 £ K , RfcL"CttX«J:A*L»v*»±* 
it 5fc fc * Nd, Pr^ *£«ciUtffl^« iii*^* 

4 . ei m <z> tsst *t w 

*c , 100*C) £ '< — i 7 % /x*U B7Hi*i: 

as ■#* ^ * ? . t& 2 m » , * i& »^ - ^ ^ « i= 



3* 3 - (2> 



nu. 


Hi EE 


1 He 
CKOe) 


Br 
CkG) 


(BID max 
(HCOe) 


21 


Fe-8 B-ll,5Nd- i.5Dy- 1Mb 


16.3 


12.2 


34.8 


22 


Fe- 7 B-lS.SNd- l.SDy- i AT 


> 20 


11.2 


30.2 


23 


Fe- 7 B-14.5Nd- l.SDy- INb 


> 20 


11.3 


30.8 


24 


Fe- 7 B-13.5JH- l.SDy- 1 V 


L7.9 


LI. 65 


32.4 


25 


Fe- 8 B -13. Slid- 1.5Dy- LW | 


IB. 8 


11.45 


3L4 


26 


Fo-7 B-16,2Nd- 0.8Dy- INb 


17.2 


u. 0 


23.8 


27 


Fe- 8 B-13.5Nd- l.SDy- 1SI** 


13.6 


11.5 


30.8 


28 


Fe- 8 B-13.5Nd- 1.5Dy- 1 S** 


14.0 


'12.1 


34.2 


* 29 


Fe-8 B-15W- 1A0 


ii. a 


11.7 


31.2 


* 30 


Fe-S B - 15Nd— 1Mb 


12.2 


11.9 


32.7 


* 31 


Fe-8 B-15Nd- 1 Ho 


12.0 


IU9 


33.6 
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ScD'B-Kttttffi«Sl (20*0, 100-C) *^-5T 
* & m m K t So 2 Co I7 ^ Si E « ^ ft rfi 100'C X 

ft S A ^FM-ir ;^i06^fiS 



